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Description 

[0001] The administration of inhaled nitric oxide (NO) to patients is currently being investigated for its therapeutic 
effect. The use of NO has a vasodilatory effect on such patients and is particularly of importance in the case of new- 
5 borns having persistent pulmonary hypertension. In such cases, the administration of NO has significantly increased 
the oxygen saturation in such infants. 

[0002] The function of the administration of NO has been fairly widely published and typical articles appeared in 
The Lancet Vol. 340, October 1 992 at pages 81 8-820 entitled "Inhaled Nitric Oxide in Persistent Pulmonary Hyperten- 
sion of the Newborn" and "Low-dose Inhalational Nitric Oxide in Persistent Pulmonary Hypertension of the Newborn" 

jo and in Anesthesiology, Vol. 78, pgs. 413-416 (1993), entitled "Inhaled NO- the past the present and the future". 

[0003] The actual administration of NO is generally carried out by its introduction into the patient as a gas along with 
other normal inhalation gases given to breathe the patient Such commercially available supplies are provided in cylin- 
ders under pressure and may be at pressures of about 1 4MPA (2000 psi) and consist of a mixture of NO in nitrogen with 
a concentration of NO of between about 800-2000 ppm. As such, therefore, some means must be used to reduce the 

75 pressure of the supply to acceptable levels for a patient and also to very precisely meter the amount of the NO and nitro- 
gen mixture so that the desired concentration of NO is actually administered to the patient. Such administration must 
also be added in sympathy with the respiration pattern of the patient 

[0004] The concentration administered to a patient will vary according to the patient and the need for the therapy 
but will generally include concentrations at or lower than 1 50 ppm. There is, of course, a need for that concentration to 
20 be precisely metered to the patient since an excess of NO can be harmful to the patient In addition, the administration 
must be efficient in a timely manner in that NO is oxidized in the presence of oxygen to nitrogen dioxide and which is a 
toxic compound. Therefore, care in its administration is paramount 

[0005] Current known methods of such administration, therefore have been limited somewhat to clinical situations 
where attending personnel are qualified from a technical sense to control the mixing and administratipn of the NO to a 
25 patient. Such methods have included the use of a forced ventilation device, such as a mechanical ventilator where a 
varying flow of breathing gas is delivered to the patient as well as gas blenders or proportioned that supply a continu- 
ous flow x of the breathing gas to the patient to which NO has been added. 

[0006] In the former case, the use of a ventilator is constrained in that the user must know the precise flow from the 
ventilator and then the amount of NO to be added is determined on a case-to-case and moment-to-moment basis. Fur- 

30 thermore, the flow profile in forced ventilation varies continuously thereby making it impossible to track the flow manu- 
ally. In the use of the latter gas blenders, the introduction of the NO containing nitrogen has been accomplished through 
the use of hand adjustment of the gas proportioner in accordance with a monitor that reads the concentration of NO 
being administered to the patient. Thus the actual concentration is continuously being adjusted by the user in accord- 
ance with the ongoing conditions of the apparatus providing the breathing mixture. 

35 [0007] While such modes of providing a known concentration of NO to the patient may be acceptable from a closely 
controlled and monitored clinical setting, it is advantageous to have a system that could be used with various means of 
providing the breathing gas. whether by mechanical means such as a ventilator, or by the use of a gas proportioner and 
which could automatically adjust fa that particular equipment and assure the user that the desired, proper concentra- 
tion of NO is being administered to the patient 

40 [0008] Journal of Clinical Investigation 90, No 2 (August 1992), 421-428 describes a nitric oxide delivery system in 
which a mixture of nitrogen, oxygen and nitric oxide are blended into a gas mixing bag to form a predetermined con- 
centration of nitric oxide before being administered to a hamster. 

[0009] WO-A-92/1 1 052 describes a system for restoring ventilatory drive to a patient by monitoring the carbon diox- 
ide in the exhaled gases and using the monitored value to determine the amount of carbon dioxide to be added to the 
45 inhaled breathing gas mixture. 

[001 0] According to the present invention, there is provided a nitric oxide delivery system as claimed in accompa- 
nying claims 1 to 1 1 . 

[001 1] In the preferred embodiment, a CPU obtains information from the flow transducer and from an input device 
that allows the user to select the desired concentration of NO to be delivered to the patient and calculates the flow of 

so NO/nitrogen to obtain that selected concentration. It will be noted, however, that while a CPU is preferred, the signal 
processing needed by this system can readily be accomplished through the use of alternate technologies, such as ana- 
log or digital circuitry, f luidic circuits, optical means or mechanical components. The term "signal processing means" is 
intended to encompass the variety of ways that may be utilized to carry out the various signal processing functions to 
operate the subject NO delivery system. 

55 [0012] Accordingly, the present system can be used with precision with various gas delivery systems, including 
ventilators of different manufacturers operating with diverse ventilatory patterns without the need to calculate output 
from the ventilator; to interrogate the gas delivery means, or to regulate the concentration manually. The user is thus 
free to concentrate on other procedures that will improve the patient. 
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[001 3] By use of the CPU, various algorithms may be stored and used as appropriate. For example, there may be 
one algorithm that is used to obtain a steady concentration of NO in a spontaneous or continuous flow situation such 
as when a gas proportioner or gas blender is used. A differing use of that same algorithm may be used to achieve an 
instantaneous change in the NO/nitrogen supply flow to maintain the desired flow to the patient or, that same algorithm 
5 may be used to calculate a breath-by-breath flow of NO/nitrogen such that the flow from the gas delivery system may 
be determined and used to adjust the NO/nitrogen flow to maintain the desired NO concentration to the patient in the 
next breath delivered to the patient. In any manner, the CPU takes over the manual setting of any valves and estab- 
lishes the concentration of NO to the patient as set or selected by the user. 

[0014] Another use of the preferred signal processor, the CPU, is to supervise the safe operation of the NO delivery 
10 system by providing alarm functions and other functions to protect the patient in the event of faults in the delivery of NO. 
[001 5] As an alternate embodiment a further means is included that adjusts the 02 concentration to the patient to 
compensate for the diminution of 02 to the patient as the patient inspiratory gas is loaded with NO/nitrogen to achieve 
a specified concentration of NO in the patients inspired gases. As a still further embodiment, a purge system is included 
that is activated to purge the various components and to fill the system with a gas having a known nitric oxide concen- 
75 tration from the supply. 

[0016] The system preferably includes various controls, alarms and safety devices to prevent excess concentra- 
tions of N0 2 in the administration of NO to the patient, including means to shut down the NO system or to reduce the 
NO concentration to the patient to a safer level. The NO delivery system may thus provide an alarm or other appropriate 
action in the event of an increase in the NO level beyond a predetermined level, a decrease in 02 below a predeter- 
20 mined level and/or an increase of N02 above a predetermined level. Depending on the severity of the alarm condition, 
an alarm may sound or the entire system may be controlled to alleviate the unsafe condition sensed. 
[0017] For a better understanding of the invention, reference will now be made, by way of exemplification only, to 
the accompanying drawings in which: 

25 Figure 1 is a schematic view, partially in block diagram form, of apparatus in accordance with an embodiment of the 
present invention. 

Figure 2 is a schematic view, partially in block diagram from, of apparatus in accordance with another embodiment 
of the present invention. 

30 

[001 8] Turning first to FIG.1 . there is shown a schematic view, partially in block diagram form, showing an apparatus 
constructed in accordance with the present invention. In the FIG. 1. a supply of nitric oxide is provided in the form of a 
cylinder 10 of gas. That gas is preferably nitric oxide mixed with nitrogen and is a commercially available mixture. 
[0019] Although the preferred embodiment utilizes the present commercial NO/nitrogen mixture, it is obvious that 

35 the NO may be introduced to the patient via some other gas, preferably an inert gas. Generally, of course, the cylinder 
10 of nitric oxide is delivered pressurized and a typical pressure is on the order of about 14MPA (2000 psi) with a con- 
centration of nitric oxide in the order of about 1000 ppm. Alternatively, the NO/nitrogen gas may be available in a central 
supply within a hospital and be available through the normal hospital piping system to various locations such as oper- 
ating rooms. In such case, the pressure may already be reduced to a relatively lower amount that the cylinder pres- 

40 sures. 

[0020] A pressure regulator 12 is used, therefore, to reduce the pressure of the gas in cylinder 10 down to accept- 
able levels for operation of the system, and again, typically, the regulator 12 reduces the pressure to about 0.3MPA (40 
psi) or lower. An on-off shutoff valve 14 receives the reduced pressure gas from regulator 12 through a suitable conduit 
and is preferably solenoid operated. The use and purpose of the shutoff valve 1 4 will later be explained in conjunction 

45 with the operation of the nitric oxide delivery system. 

[0021] A separate supply of pure nitrogen may be employed and, again, generally is provided by a cylinder 16 of 
nitrogen although pipeline nitrogen is available in numerous hospitals. The pressure of the nitrogen within cylinder 16 
is reduced to the desired system level by means of regulator 17 and the nitrogen thereafter supplied via a conduit to a 
proportional control valve 18 that is controlled in a manner to be described. Suffice at this point to state that the propor- 

so tional control valve 1 8 provides a predetermined flow of nitrogen through a suitable conduit into the conduit to be mixed 
with the NO/nitrogen gas from cylinder 1 0 and which then enters the shutoff valve 14. 

[0022] The purpose of the additional supply of nitrogen is to dilute, if necessary, the concentration of nitric oxide in 
the supply to the shutoff valve 14 to a desired amount For example, the cylinder 10 may be supplying a concentration 
of nitric oxide that is too high for the particular flows in the system and therefore the concentration may be reduced to a 
55 more desirable level. If, of course, the supply of nitric oxide from cylinder 10 is suitable tor the particular application, the 
addition of supplemental nitrogen is unnecessary. 

[0023] Further downstream in the conduit carrying the NO/nitrogen stream is a purge valve 20 and which may be a 
solenoid operated valve that diverts the stream of NO/nitrogen from shutoff valve 1 4 to a sidestream 22 where the mix- 
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ture is removed from the environment by means of a hospital evacuation or other system to remove such gases. Such 
system may, of course, have various treatment means such as a N02 and NO scrubber 23 if required in a particular 
hospital . 

[0024] Again, the control of the purge valve 20 and its use will be later explained in connection with the overall oper- 

5 ation of the nitric oxide delivery system, and which is optional. 

[0025] A further proportional control valve 24 is positioned with suitable conduit to receive the NO/nitrogen gas from 
the purge valve 20. Typical of such proportional control valves for both the proportional control valve 18 in the nitrogen 
supply system and the proportional control valve 24 in the NO/nitrogen stream may be obtained commercially from var- 
ious companies, including MKS Instruments, Inc. of Andover, MA and which provide electronic control of gases. As may 

10 be seen, alternately, the valve may be a digital controlled valve rather than analog and which is controlled by timing its 
on/off cycles to effect the desired flow through the proportional control of flow therethrough. Combination of several 
valves used singly or in combination can be used to extend the delivery range. 

[0026] A flow sensor 26 is located in the downstream conduit from proportional control valve 24 and senses the flow 
from such valve. Typically, in view of the values of flow at this point in the nitric oxide delivery system, the f tow transducer 
75 may be of a technology such as the thermal mass flowmeter available from MKS Instruments. Inc. or may be of other 
technology of other suppliers. 

[0027] A delivery adaptor 28 receives the NO/nitrogen gas via a suitable conduit 25 for introduction into a further 
gas stream from the gas delivery system (not shown). 

[0028] Delivery adaptor 28 is preferably a one piece reusable device and which has an inlet 30 which receives the 
20 gas delivered from the gas delivery system. As indicated, that gas delivery system may be a mechanical means provid- 
ing a varying flow such as a ventilator, may be gas continuously supplied by a gas proportioning device for spontaneous 
ventilation or may be gases supplied to a bag for manual ventilation. As can be seen, the actual gas delivery system 
itself is not critical since the present system independently ascertains the flow from that system and proceeds to calcu- 
late and then deliver the proper flow of nitric oxide to arrive at the concentration to the patient that is selected by the 
25 user. 

[0029] The delivery adaptor 28 has a main passage 32 therethrough and which receives the gas from the gas deliv- 
ery device through inlet 30 for delivery to a patient. The gas actually delivered to the patient is transmitted via a patient 
wye piece 34 having an inspiratory limb 36 and an expiratory limb 38 of conventional design. The patient limb 40, obvi- 
ously, leads to the patient indicated by the block 42. 

30 [0030] A further inlet 44 is formed in the delivery adaptor 28 and which receives the NO/nitrogen gas from the pro- 
portional control valve 24 through flow sensor 26. As can be seen from FIG. 1 , a flow transducer 46 is also included in 
the delivery adapter 28 and which detects the flow of gas from the gas delivery system. The inlet 44 is positioned down- 
stream in the delivery adapter 28 from flow transducer 46. Flow transducer 46 may be of a variety of technologies, 
including pneumotach, hot wire anemometer, thermal f tow sensor, variable orifice, thermal time-of-f light, rotating vane 

35 and the like. Included, obviously, are flow transducers that actually measure pressure, such as a pressure drop though 
an orifice, in order to determine flow. 

[0031 ] A sampling port 48 is formed in the delivery adapter 28 and which communicates with the flow of gas pass- 
ing through the main passage 32. It should be noted that the sampling port 48 thus samples the mixed gases, that is 
the gas downstream from the inlet 44 and thus downstream from a confluence 50 where the NO/nitrogen stream of gas 

40 is mixed with the inspiratory gas from the gas delivery system. 

[0032] Accordingly, the flow from the gas delivery means enters the inlet 30 at a flow rate Q| and at a certain con- 
centration of oxygen y0 2 \ a™J « mixed in the main passage of delivery adapter 28 with the NO/nitrogen gas from pro- 
portional control valve 24 at confluence 50. Flow transducer 46 is upstream of the confluence 50 and thus senses the 
flow only of the gas from the gas delivery system while sampling port 48 is downstream of the confluence 50 and thus 

45 provides access to samples of the gases that are mixed together at confluence 50. At confluence 50, there may be a 
diffuser such as a screen or sintered, porous block that enhances the mixing of the NO/nitrogen with the gases from the 
gas delivery system. 

[0033] Therefore, the concentration of mixed gases at sampling port 48 contains the concentration of NO that actu- 
ally enters the patient for therapeutic treatment and is the concentration set by the user, yNO^. 
so [0034] Connected to the gas sampling port 48 is a gas sensing bench 52 and which analyzes the concentrations of 
certain conponents of the gas stream administered to the patient. In the preferred embodiment, the gas sensing bench 
52 samples the gases through conduit 54 and senses and quantifies the concentration of NO as well as N02 and 02. 
Alternately, a sensor may be directly attached to the delivery adaptor 28 and directly sense such gas passing through 
the main passage 32. 

55 [0035] A signal processing means, such as a CPU 56 is provided to solve certain equations and algorithms to oper- 
ate the nitric oxide delivery system. CPU 56 receives a signal from an input device 58 indicative of the concentration 
the user desires tobe administered to the patient. CPU 56 also receives signals from the flow transducer 46 indicative 
of the flow of gas delivered by the gas delivery system, Qj through a signal line 60 and also receives signals indicative 
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of the concentration of NO, as well as N0 2 and 0 2 from gas sensor bench 52 via a signal line 62 and a signal from flow 
sensor 26 indicative of the flow from proportional control valve 24, Q de i, respectively via a signal line 64. 
[0036] Another input to CPU 56 is provided by the NO sensor 65 through signal line 67. The NO sensor 65 senses 
the concentration of NO in the supply cylinder 10 so that the user can verify that the proper supply is being utilized or, 
5 alternatively, the CPU 56 may use that input to adjust the system to adapt for any concentrations of NO in the supply 
within certain limits. NO sensor 65 could, of course, be eliminated if the NO cylinder 10 is always constant or by keying 
into the NO sensor in the gas sensing bench 52. A switching mechanism (not shown) would be required to sample from 
the multiple sources of samples. 

[0037] Control signals are transmitted from CPU 56 to proportional control valve 18, shutoff valve 14, purge valve 

10 20. and proportional valve 24 via signal lines 66, 68, 70, and 72 respectively. 

[0038] In the operation of the present NO delivery system, therefore, the inlet 30 is connected to a gas delivery sys- 
tem, whether that gas delivery system is a mechanical ventilator or gas proportioning device or other means of supply- 
ing a breathing gas to a patient. As the gas is delivered from the gas delivery system, its flow is sensed by the flow 
transducer 46 in delivery adapter 28 and a signal is transmitted indicative of that flow to the CPU 56. 

15 [0039] The user activates the input device 58 to select the desired concentration of NO that is to be administered 
to the patient. That input device 58 may be of a variety of devices, such as a keyboard, dial, encoder, touch screen, 
thumb wheel or the like. 

[0040] Alternatively, the input may be a signal that is built into the delivery system by the manufacturer and not be 
selectable by the actual end user. For example, the delivery system may be designed to operate to provide a f ixed con- 
20 centration of NO and the use of the system with any gas delivery system would result in that f ixed, predetermined con- 
centration of NO to be administered to the patient. 

[0041 ] In the preferred errfcodiment, however, the desired NO concentration to be administered to the patient is set 
by the user by means of an input to CPU 56. 

[0042] As can be seen, the CPU 56 has sufficient information to carry out the proper calculations, that is, it knows 
25 the flow of breathing gas from the gas delivery device by means of flow transducer 46 (Q |( ) and the concentration of NO 
in the NO/nitrogen supply by means of NO sensor 65 (y NOc ut)' With that information, CPU 56 can calculate the desired 
flow (Qteft from the proportional control valve 24 that needs to be provided to the confluence 50 to mix with the gas from 
the gas delivery system to produce the desired or set concentration (y N oset) established by the user through input 
device 58. 

30 [0043] Basically, CPU 56 calculates the flow of NO/nitrogen to be added to the confluence 50 through the following 
equation; 

Qdel» = I? NOsetW ' NOcut ' TNOsetWl * Q |W 

35 [0044] By this equation, the concentration of NO to the patient can be changed at an instantaneous rate limited only 
by the speed and sensitivity of the components such as flow transducer 46. The faster the response of flow transducer 
46 is. the faster changes can be made in flow of the NO/nitrogen to confluence 50 by proportional control valve 24 such 
that the NO to the patient can instantaneously account for changes in the flow profile from the gas delivery system to 
maintain that concentration set by the user. The flow delivered (Q^ from the proportional control valve 24 to the con- 

40 f luence 50 is determined from the concentration set by the user, faNO^. ™e concentration NO cut is the concentration 
of NO in nitrogen from the supply cylinder 1 0 and the flow from the gas delivery system is Qj. By this equation, the CPU 
56 can make extremely rapid, such as 20 millisecond, changes to the flow delivered from proportional control valve 24 
(Qdet) in order to maintain the concentration of the flow delivered to the patient at the desired level as determined by the 
user (y^. 

45 [0045] As an alternate, the system may operate on a breath-by-breath basis, that is, the system can take a reading 
of the flow, or a portion thereof, from the gas delivery system at each breath and calculate the desired flow of NO/nitro- 
gen for delivery at the next breath. Although such delivery is less rapid than the instantaneous equation, slower flow 
transducers and control valves may by employed and thus less expensive components used in the system. Therefore 
mean values can be used for the values set by the user (y N o 6 et,mean) and the f taw delivered by the proportional control 

so valve 24 (Ode,) is expressed as a function of the inspired tidal volume of gas (V t lnsp ) and the time of inspiration (t irisp ). 
In such system, the equation is basically the same: 

Q del = I T NOset.mean ' (Y NOcut " T NOset.mean)] * ^ t.insp. ' * insp. 

55 [0046] With the breath-by-breath analysis, however, the flow transducer 46 may detect the start and end of a breath 
, or selected portion thereof, integrate to determine the total or fixed selected volume of the breath, and adjust the pro- 
portional control valve 24 to provide the set or desired concentration of NO at the next breath. 
[0047] For constant or continuous flow ventilation from the gas delivery system as might be provided by a gas mixer 
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or proportioning device, the same basic equation is used: 

5 [0048] In this case, however, since the flow is continuous and the tidal volume assumed to be constant, the flow 
from the gas delivery system, (Q| ) may be sampled at a relatively slow rate, for example, once per second, and the flow 
of NO/nitrogen calculated and established from proportional control valve 24 on that particular timing cycle. 
[0049] In any of the foregoing cases, the principal of operation is the same and the operative equation is basically 
the same. By knowing the flow from the gas delivery system by means of flow transducer 46 and the concentration of 

10 NO in the main supply from NO sensor 65, a derivation is made by the CPU 56 and the proportional control valve 24 is 
adjusted to provide the calculated flow of NO/nitrogen to arrive at the desired concentration set by the user in the 
breathing gas actually administered to the patient. 

[0050] Confirmation of the f bw from the proportional control valve 24 is made by the flow sensor 26 so that CPU 
56 can check to see if the actual flow corresponds to the flow calculated and established by the CPU 56 through signal 

is line 72 to proportional control valve 24. Alternatively, the flow sensor 26 can control the proportional control valve 24 
using a feedback system and which is available in the commercial valves from, for example, MKS Instruments Inc. 
[0051 ] As is also apparent from Figure 1 , CPU 56 also controls the proportional control valve 1 8 via signal line 66 
and can operate that valve to further reduce the concentration of the NO in nitrogen from cylinder 10 in the event very 
low concentrations are set by the user and the system is otherwise unable to reduce the concentration to the desired 

20 point. 

[0052] The gas sensing bench 52 provides a continuous monitor of the actual NO concentration administered to the 
patient and therefore is a further safety monitor. In the event the NO detected by the gas sensing bench 52 is a prede- 
termined value away from the set point established by the user, an alarm may be triggered so the user can attend to the 
problem. In the event that the NO level rises to a dangerous level, CPU 56 will have that information and can take more 
25 drastic steps such as to discontinue use of the NO to the patient by shutting off the shutoff valve 1 4 or by automatically 
reducing the NO level to a lower, safe level established in the system. 

[0053] As further alarms or triggers to actively change or terminate the NO system, the gas sensing bench 52 also 
monitors and provides the CPU 56 with a continuous reading of the concentrations of 0 2 and N0 2 being administered 
to the patient and. again, the CPU 56 can be programmed to take the appropriate action, be it trigger an alarm or reduce 
30 the NO concentration in the event the 0 2 level falls below a predetermined value or the N0 2 rises above a predeter- 
mined value. 

[0054] Finally, in the event of a loss of pressure in the supply at any time. CPU 56 can activate purge valve 20 to 
purge the system of any other gases that may be in the supply line and refill the supply lines from cylinder 10 to the 
purge valve 20 with fresh NO/nitrogen. In this way, the system is recharged with the correct supply gas and no extrane- 

35 ous gases, such as ambient air, will be introduced into the system to cause error. 

[0055] Accordingly, through the use of the present NO delivery system, the concentration of NO delivered to the 
patient may be established, either by the selection by the user, or set by a predetermined value by the system itself, and 
that desired value will be transmitted to the patient without any interrogation of the gas delivery device. The system is 
thus independent and may be readily used with any mechanical ventilator, gas proportioning device or other gas deliv- 

40 ery system to deliver a known, desired concentration of NO to a patient. 

[0056] Turning briefly to Figure 2, there is shown in schematic view, partially in block form, of another embodiment 
of the present NO delivery system. In Figure 2, all of the corresponding components have been numbered with the 
same identification numbers as in Figure 1 . 

[0057] In this errbodiment, however, an additional supplemental oxygen supply has been added by means of an 
45 oxygen cylinder 74 containing pressurized oxygen and which pressure is reduced by means of a regulator 76. Again it 
should be noted that the control of the oxygen supply is by means of a proportional control valve 78 which is controlled 
by the CPU 56 via a signal line 80. 

[0058] Thus the operation of the Figure 2 embodiment is the same as previously explained with respect to the Fig- 
ure 1 embodiment however the supplemental oxygen system may be used to add oxygen to the system in the event the 
so gas sensing bench 52 indicates to the CPU 56 that the concentration of oxygen has been reduced to an unacceptable 
level. Such reduction in oxygen could occur in the event the concentration of NO is set to a very high level and the flow 
of NO/nitrogen from proportional control valve 24 to confluence 50 is very high and the combined flow to the patient thus 
is deprived of the needed amount of oxygen being supplied by the gas delivery system. 

[0059] In such event, the CPU 56 merely signals proportional control valve 78 to add or increase the flow of oxygen 
55 to the NO/nitrogen stream being admitted to confluence 50, that is, upstream of confluence 50 by means of a suitable 
conduit 
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Claims 

1. A nitric oxide delivery system for connection to a supply of nitric oxide (10) having a known concentration and for 
providing a predetermined concentration of nitric oxide to a patient (42) receiving a breathing gas from a gas deliv- 
ery system, characterised in that the nitric oxide delivery system comprises: 

a flow transducer (46) for sensing the flow of gas delivered by the gas delivery system and providing a signal 
(60) indicative of such flow to a signal processor (56), 

means (58) for providing a signal indicative of the predetermined concentration of nitric oxide to be delivered 
to the patient (42). 

a flow control valve (14, 20, 24) controlling the flow of nitric oxide from the supply of nitric oxide (10), 
conduit means (25, 32) receiving the flow of the nitric oxide from said flow control valve and combining the flow 
into the flow of gas from the gas delivery system, and said signal processor (56) being responsive to the signal 
from the flow transducer (46) and to the signal indicative of the predetermined concentration to provide a signal 
to the flow control valve (14, 20, 24) to establish a flow of nitric oxide through the control valve (14, 20, 24) to 
the conduit means (25, 32) in an amount sufficient to establish a nitric oxide concentration delivered to the 
patient (42) in the predetermined amount 

2. The nitric oxide delivery system according to claim 1 characterised in that the nitric oxide flow control means (24, 
56) and the means for detecting the flow of breathing gas (46) each have a response time sufficient such that the 
flow of nitric oxide is proportional to the instantaneous flow of breathing gas. 

3. The nitric oxide delivery system according to claim 1 characterised in that the nitric oxide flow control means 
(24,56) determines the flow of nitric oxide to be delivered during the next breath based on breathing gasf low meas- 
urements taken during the preceding breath or breaths. 

4. The nitric oxide delivery system according to any one of claims 1 to 3. characterised in that the conduit means (25, 
32) combines the flow of the nitric oxide from the supply of nitric oxide (1 0) and the flow of gas from the gas delivery 
system at a point (50) downstream from the flow transducer (46). 

5. The nitric oxide delivery system according to any one of claims 1 to 4 further including a purge valve (20) located 
in the path of flow of nitric oxide from the supply of nitric oxide (10), the purge valve (20) being operable by the sig- 
nal processor (56) to purge the nitric oxide delivery system of other gases and to fill such system up to the purge 
valve with nitric oxide from the supply of nitric oxide (10). 

6. The nitric oxide delivery system according to any one of claims 1 to 5, characterised in that it further includes a sen- 
sor (52) positioned to detect at least the concentration of NO in the gas delivered to the patient (42). 

7. The nitric oxide delivery system according to any one of claims 1 to 6, characterised in that it includes a supply of 
nitric oxide (10) having a known concentration and a gas delivery system for providing a breathing gas for delivery 
to a patient (42). 

8. The nitric oxide delivery system according to any one of claims 1 to 7, characterised in that it comprises a supply 
of nitric oxide (10) having a known concentration, a patient adapter (28) receiving the breathing gas from the gas 
delivery system and connecting to a patient (42). the patient adapter (28) including the said conduit means (32), 
the flow transducer (46) being provided within the patient adapter (28), the flow of nitric oxide combining with the 
flow of gas from the gas delivery system at a point (50) downsteam in the conduit means (32) from the flow trans- 
ducer (46). 

<- 9. The nitric oxide delivery system according to any one of claims 1 to 8 characterised in that it further includes a sup- 
ply of nitrogen (1 6) and a control valve (1 8) coupled to the conduit means (25) receiving the flow of nitric oxide, the 
control valve (18) being operable by the signal processor (56) to introduce nitrogen into the conduit means (25). 

1 0. The nitric oxide delivery system according to claim 9 further including a nitric oxide sensor (65) positioned to detect 
the concentration of nitric oxide in the supply of nitric oxide (10). the signal processor (56) controlling the control 
valve (1 8) to introduce nitrogen from the supply of nitrogen (1 6) to reduce the concentration of the nitric oxide being 
supplied to the conduit means (25, 32). 
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11. The nitric oxide delivery system according to any one of claims 1 to 10 characterised in that it further includes a 
supply of oxygen (74) and a control valve (78) coupled to the conduit means (25) receiving the flow of nitric oxide, 
the control valve (78) being operable by the signal processor (56) to introduce oxygen into the conduit means (25). 

Patentanspruche 

1. Ein Stickoxydzufuhrsystem zur Verbindung mit einer Versorgung for Stickoxyd (10), das eine bekannte Konzentra- 
tion hat, und zum Vorsehen einer vorbestimmten Konzentration von Stickoxyd fur einen Patienten (42), der Atem- 
gas von einem Gaszufuhrsystem erhait, 

dadurch gekennzeichnet, 

daB das Stickoxydzufuhrsystem enthait: 

einen StrOmungsmeBwandler (46) zum Abtasten der StrOmung von Gas, die durch das Gaszufuhrsystem 
zugefuhrt wird und der ein Signal (60) an einen Signalprozessor (56) liefert. das anzeigend fur eine derartige 
StrOmung ist, 

Mitteln (58) zur Ueferung eines Signals, das anzeigend ist fur die vorbestimmte Konzentration von Stickoxyd, 
die an den Patienten (42) zu liefern ist, 

ein StrOmungssteuerventil (14, 20. 24), das die StrOmung von Stickoxyd von der Versorgung fur Stickoxyd (10) 
steuert 

Lertungsmitteln (25, 32), die die StrOmung von Stickoxyd von dem genannten StrOmungssteuerventil aufneh- 
men und die StrOmung in die StrOmung von Gas von dem Gaszufuhrsystem kombinieren, wobei 
daB der genannte Signalprozessor (56) reaktiv ist auf das Steuersignal von dem StrOmungsmeBwandler (46) 
und auf da$ Signal, das anzeigend ist fur die vorbestimmte Konzentration, urn ein Signal zu liefern fur das StrO- 
mungssteuerventil (14, 20, 24), urn eine StrOmung von Stickoxyd durch das Steuerventil (14, 20, 24) zu den 
Leitungsmitteln (25, 32) herbeizufuhren in einer Menge, die ausreichend ist. urn eine zu dem Patienten (42) 
gelieferte Stickoxydkonzentration, in der vorbestimmten Menge einzurichten. 

2. Das Stickoxydzufuhrsystem gemaB Anspruch 1 , 
dadurch gekennzeichnet, 

daB die StickoxydstrOmungssteuermittel (24, 56) und die Mittel zur Erkennung der StrOmung von Atemgas (46) 
jeweils eine Reaktionszeit haben, die ausreichend ist, so daB die StrOmung von Stickoxyd proportional ist zur 
momentanen StrOmung von Atemgas. 

3. Das Stickoxydzufuhrsystem gemaB Anspruch 1 , 
dadurch gekennzeichnet, 

daB das StickoxydstrOmungssteuermittel (24, 56) die StrOmung von Stickoxyd, das wahrend des nachsten 
Atemzuges zuzufuhren ist, bestimmt, basierend auf AtemgasstrOmungsmessungen.die wahrend des/der vor- 
hergehenden Atemzuges/Atemzuge genommen wurden. 

4. Das StickoxydzufOhrsystem gemaB einem der Anspruche 1 bis 3, 
dadurch gekennzeichnet, 

daB die Leitungsmittel (25. 32) die StrOmung von Stickoxyd von der Versorgung fur Stickoxyd (1 0) und die StrO- 
mung von Gas aus dem Gaszufuhrsystem an einem Punkt (50) kombinieren, der stromab des StrommeB- 
wandlers (46) ist. 

5. Das Stickoxydzufuhrsystem gemaB einem der AnsprOche 1 bis 4, 

weiterhin enthartend ein Entleerventil (20), das in dem StrOmungsweg des Stickoxydes von der Versorgung fur 
Stickoxyd (10) angeordnet ist. wobei das Entleerventil (20) betatigbar ist durch den Signalprozessor (56). urn 
das Stickoxydzufuhrsystem von anderen Gasen zu befreien und ein solches System bis zu dem Entleerventil 
mit Stickoxyd von der Versorgung fur Stickoxyd (1 0) zu fullen. 

6. Das Stickoxydzufuhrsystem gemaB einem der Anspruche 1 bis 5. 
dadurch gekennzeichnet. 
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daB es weiterhin einen Sensor (52) umfaBt, der angeordnet ist. urn wenigstens die Konzentration von NO in 
dem Gas, das an den Patienten (42) geliefert wird, zu erkennen. 

7. Das Stickoxydzufuhrsystem gemaB einem der Anspruche 1 bis 6. 
dadurch gekennzeichnet, 

daB es eine Versorgung fur Stickoxyd (10) umfaBt. das eine bekannte Konzentration hat und ein Gaszufuhr- 
system zum Bereitstellen eines Atemgases zur Ueferung an einen Patienten (42). 

8. Das Stickoxydzufuhrsystem gemaB einem der Anspruche 1 bis 7, 
dadurch gekennzeichnet, 

daB es eine Versorgung fur Stickoxyd (10) umfaBt, das eine bekannte Konzentration hat einen Patientenadap- 
ter (28). der das Atemgas von dem Gaszufuhrsystem aufnimmt und der mit einem Patienten (42) verbunden 
ist, wobei der Patientenadapter (28) die genannten Leitungsmittel (32) enthait, wobei der StrOmungsmeBgeber 
(46) innerhalb des Patientenadapters (28) vorgesehen ist und wobei die StrOmung von Stickoxyd sich mit der 
Strflmung von Gas von dem Gaszufuhrsystem an einem Punkt (15) verbindet, der stromab in dem Leitungs- 
mittel (32) von dem StrOmungsmeBgeber (46) ist. 

9. Das Stickoxydzufuhrsystem gemaB einem der Anspruche 1 bis 8, 
dadurch gekennzeichnet, 

daB es weiterhin enthait eine Versorgung fur Stickstoff (16) und ein Steuerventil (18). das mit den Leitungsm'rt- 
teln (25) gekoppett ist, die die StrOmung von Stickoxid aufnehmen, wobei das Steuerventil (18), durch den 
Signalprozessor (56) betatigbar ist, urn Stickstoff in die Leitungsmittel (25) einzufuhren. 

10. Das Stickoxydzufuhrsystem gemaB Anspruch 9, 

weiterhin enthaltend einen Stickoxydsensor (65). der angeordnet ist. urn die Konzentration von Stickoxyd in der 
Versorgung fur Stickoxyd (10) zu erkennen, wobei der Signalprozessor (56) das Steuerventil (18) steuert. urn 
Stickstoff von der Versorgung fur Stickstoff (16) einzufuhren, urn die Konzentration von dem Stickoxyd zu redu- 
zieren, die zu den Leitungsmittel n (25. 32) geliefert wird. 

11. Das Stickoxydzufuhrsystem gemaB einem der Anspruche 1 bis 10, 
dadurch gekennzeichnet, 

daB es weiterhin enthait eine Versorgung fur Sauerstoff (74) und ein Steuerventil (78), das mit den Leitungs- 
mitteln (25) gekoppelt ist, die die StrOmung von Stickoxyd aufnehmen, wobei das Steuerventil (78) betatigbar 
ist durch den Signalprozessor (56), urn Sauerstoff in die Leitungsmittel (25) einzufuhren. 

Revendications 

1. Systeme de distribution d'oxyde nitrique adapt6 k Stre connects k une alimentation en oxyde nitrique (10) ayant 
une concentration connue et & fournir une concentration pr6d6termin6e en oxyde nitrique & un patient (42) rece- 
vant un gaz respiratoire depuis un syst&me de distribution de gaz, caract6ris6 en ce qull comprend : 

un transducteur de flux (46) pour d6tecter le flux de gaz distribu§ par le systeme de distribution de gaz et four- 
nir un signal (60) indicateur d'un tel flux a un processeur de signal (56), 

un moyen (58) pour fournir un signal indicateur de la concentration pr6d6termin6e en oxyde nitrique k d&ivrer 
au patient (42), 

une soupape de commande de flux (14,20,24) commandant le flux d'oxyde nitrique depuis I'alimentation en 
oxyde nitrique (10). 

des moyens formant conduits (25,32) recevant le flux d'oxyde nitrique depuis ladrte soupape de commande de 
flux et combinant le flux au flux de gaz provenant du systeme de distribution de gaz, 
ledit processeur de signal (56) r6pondant au signal provenant du transducteur de flux (46) et au signal indica- 
teur de la concentration pr6d6termin6e pour fournir un signal k la soupape de commande de flux (14,20.24) 
aux fins d'6taWir un flux d'oxyde nitrique au travers de la soupape de commande (14.20.24) vers les moyens 
formant conduits (25,32) en une quantity suff isante pour 6taWir une concentration en oxyde nitrique fournie au 
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patient (42) selon la quantity pr6d6termin6e. 

2. Systfcme de distribution d'oxyde nitrique selon la revendication 1 , caract6ris6 en ce que le moyen de commande de 
flux d'oxyde nitrique (24,56) et le moyen de detection du flux de gaz respiratoire (46) ont chacun un temps de 
r6ponse suffisant pour que le flux d'oxyde nitrique sort proportionnel au flux instantan6 de gaz respiratoire. 

3. Systeme de distribution d'oxyde nitrique selon la revendication 1 , caract6ris6 en ce que le moyen de commande de 
flux d'oxyde nitrique (24,56) d6termine le flux d'oxyde nitrique k distribuer au cours de la respiration suivartte sur la 
base des mesures de flux de gaz respiratoire prises au cours de la ou des respiration(s) pr6c6dente(s). 

4. Systeme de distribution d'oxyde nitrique selon Tune quelconque des revendications 1 k 3, caract6ris6 en ce que les 
moyens formant conduit (25,32) combinent le flux d'oxyde nitrique provenant de I'alimentation en oxyde nitrique 
(10) et leflux de gaz provenant du systeme de distribution de gaz au niveau d*un point (50) en aval du transducteur 
deflux (46). 

5. Systeme de distribution d'oxyde nitrique selon Tune quelconque des revendications 1 k 4, comprenant en outre une 
soupape de purge (20) situ6e sur le trajet du flux d'oxyde nitrique provenant de I'alimentation en oxyde nitrique 
(10). la soupape de purge (20) 6tant actionnable par le processeur de signal (56) pour purger le syst&me de distri- 
bution d'oxyde nitrique d'autres gaz et remplir ce systeme jusqu'S la soupape de purge d'oxyde nitrique provenant 
de I'alimentation en oxyde nitrique (10). 

6. Systeme de distribution d'oxyde nitrique selon I'une quelconque des revendications 1 k 5, caract6ris6 en ce qu'il 
comprend en outre un capteur (52) posrtionn6 pour d6tecter au moins la concentration en oxyde nitrique (10) dans 
le gaz d§livr§ au patient (42). 

7. Systeme de distribution d'oxyde nitrique selon I'une quelconque des revendications 1 k 6. caract6ris6 en ce qu'il 
comprend une alimentation en oxyde nitrique (10) ayant une concentration connue et un systeme de distribution 
de gaz pour fournir un gaz respiratoire k d6livrer k un patient (42). 

8. Syst&me de distribution d'oxyde nitrique selon Tune quelconque des revendications 1 k 7, caract6ris6 en ce qull 
comprend une alimentation en oxyde nitrique (10) ayant une concentration connue, un adaptateur (28) au patient 
recevant le gaz respiratoire depuis le systeme de distribution de gaz et se connectant k un patient (42), I'adaptateur 
(28) au patient comprenant lesdits moyens formant conduits (32), le transducteur de flux (46) 6tant pr6vu au sein 
de I'adaptateur (28) au patient, le flux d'oxyde nitrique se combinant avec le flux de gaz provenant du systeme de 
distribution des gaz en un point (50) en aval du moyen formant conduit (32) provenant du transducteur de flux (46). 

9. Systeme de distribution d'oxyde nitrique selon I'une quelconque des revendications 1 k 8. caract§ris6 en ce qu'il 
comprend en outre une alimentation en azote (16) et une soupape de commande (18) coup!6es au moyen formant 
conduit (25) recevant le flux d'oxyde nitrique, la soupape de commande (18) 6tant actionnable par le processeur 
de signal (56) pour introduire de I'azote dans le moyen formant conduit (25). 

1 0. Systeme de distribution d'oxyde nitrique selon la revendication 9, comprenant en outre un capteur d'oxyde nitrique 
(65) positionn6 pour d6tecter la concentration en oxyde nitrique dans I'alimentation en oxyde nitrique (10), le pro- 
cesseur de signal (56) commandant la soupape de commande (18) pour introduire I'azote depuis I'alimentation en 
azote (16) pour r6duire la concentration en oxyde nitrique en cours de fourniture aux moyens formant conduits 
(25,32). 

11. Systfcme de distribution d'oxyde nitrique selon Tune quelconque des revendications 1 k 10, caract6ris6 en qull 
comprend en outre une alimentation en oxygfcne (74) et une soupape de commande (78) coupl6es au moyen for- 
mant conduit (25) recevant le flux d'oxyde nitrique, la soupape de commande (78) 6tant actionnable par le proces- 
seur de signal (56) pour introduire de I'azote dans le moyen formant conduit (25). 
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